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|1.  SUPPLEMENTARY  NOTE! 


IS.  ABSTRACT 


■  II.  SPONSORING  MILITARY  ACTIVITY 


Air  Force  Flight  Dynamics  Lab/FTC 
Wright  Patterson,  AFB,  Ohio  45433 


A  two  dimensional  model  of  a  single  bay  cold  thrust  augmenta¬ 
tion  ejector  wing  desighed  and  built  by  Bell  Aerospace  Company  and 
utilising  hypermixing  nozzles  developed  by  the  Aerodynamic  Research 
Laboratory  of  Wright  Patterson  Air  Force  Base  was  tested  both  static¬ 
ally  and  at  speed  in  the  Lockheed— Georgia  low  speed  wind  tunnel  facil* 
ity.  The  wing  was  tested  at  flap  angles  of  20  and  30  degrees  at  air¬ 
speed  from  0  to  165  fps  and  through  an  angle  of  attack  range  of  -10 
1.0  +31  degrees.  The  ejector  primary  pressure  ratio  was  varied  from 
1.0  to  2.25  and  the  diffuser  area  ratio  was  varied  from  1.3  to  2.0. 

This  report  presents  a  detailed  description  of  the  model  in¬ 
cluding  its  air  supply  and  instrumentation  systems,  the  test  facility 
and  data  reduction  equations  and  methodology.  Also,  presented  is  the 
detailed  run  schedule,  the  data  limitations  and  the  resulting  plotted 
data. 
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I  INTRODUCTION 

Thp  Bell  Aerospace  2D-CTA  single  bay  ejector  wing  wind 
tunnei  model  was  modified  for  an  inlet  to  nozzle  area  ratio 
of  approximately  15.  The  model  was  tested  in  the  Lockheed- 
Georgia  low  speed  wind  tunnel  during  the  period  beginning 
July  16,  1973  and  ending  Augus  1973.  The  resulting  data 
from  that  test  is  presented  in  ,nis  report. 

The  purpose  of  the  tests  was  to  determine  for  flap  angles 
of  20  and  30  degrees:  (a)  The  performance  of  the  ejector  at 
static  and  forward  speed  conditions;  and  (b)  The  aerodynamic 
characteristics  of  the  wing-ejecto1.  combination.  The  ejector 
performance  data  was  measured  in  terms  of:  (1)  static  aug¬ 
mentation  ratio  as  a  function  of  primary  pressure  ratio  and 
diffuser  area  ratio;  (2)  ejector  gross  and  net  thrust  as  0 
function  of  Voo,oC,  diffuser  area  ratio  and  primary  pressure 
ratio.  The  aerodynamic  characteristics  were  obtained  for 
variations  of  CT ,  Cv  and  C  vs«k  at  various  Cm.  values. 

The  power-off  (ejector  primalry  off)  effects  were  also  investi¬ 
gated. 

The  test  program  was  comprised  of  a  total  of  60  runs,  39 
of  these  were  for  a  nominal  flap  angle  of  30°,  19  were  for  flap 
angle  20°  and  two  were  tare  runs.  The  primary  test  variables  and 
their  range  of  values  were; 

(a)  ejector  plenum  pressure  ratio  1.0  to  2.25 

(b)  airspeed  0  to  165  fps 

(c)  ejector  diffuser  area  ratio  1.3  to  2.0 

(d)  angle  of  attack  -10  to  428  degrees 

The  flap  angle  was  defined  to  be  the  position  of  the  aft  flap 
with  respect  to  the  wing  chord  line.  This  position  was  main¬ 
tained  at  a  fixed  angle.  The  diffusion  area  ratio  v/as  obtained 
by  moving  the  ejector  exit  door  to  the  position  required  to 
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provide  the  specified  area  ratio.  Since  the  thrust  vector  angle 
would  be  approximately  the  centerline  of  the  ejector  diffuser 
(assuming  uniform  flow  across  the  ejector)  it  varies  with  diffusion 
area  ratio  at  a  given  flap  angle.  The  airspeed  was  measured 
between  the  false  tunnel  walls  in  close,  proximity  to  the  model  and 
corrected  for  tunnel  wall  and  blockage  effects.  The  angle  of 
attack  was  the  angle  of  the  airfoil  chord  line  with  respect  to 
horizontal*  corrected  for  tunnel  flow  angularities  and  blockage 
effects.  The  ejector  plenum  pressure  ratio  was  the  ratio  of  the 
total  pressure  as  measured  at  the  center  of  the  hypermixing  nozzle 
plenum  and  the. tunnel  atmospheric  pressure. 

A  detailed  description  of  the  test  facility,  model,  instru¬ 
mentation,  air  supply  system  and  data  reduction  program  is  presented 
in  the  following  sections. 
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II  TEST  FACILTIY  DESCRIPTION 
A.  GENERAL 

The  wind  tunnel  tests  were  conducted  in  the  Lockheed-Georgia 
Company  low  speed  wind  tunnel  facility.  This  wind  tunnel  facility 
consists  of  a  horizontal  single  return  circuit  having  two  test 
sections  operating  at  atmospheric  pressure.  The  pertinent  details 
of  the  two  available  test  sections  are  summarized  in  Table  I. 


TABLE  I.  FACILITY  TEST  SECTION  CHARACTERISTICS 


V/STOL 

LOW  SPEED 

Size  (ft.) 

26  wide 

23.25  wide 

30  high 

16.25  high 

63  long 

43  long 

Velocity  range 
(ft/sec) 

20.5  to  115 

4l  to  370 

Dynamic  pressure 
range  (psf) 

0.5  to  40 

2  to  160 

Total  temperature 
upper  limit  (°F) 

120 

120 
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The  low  speed  test’ section  wa'»  used  during  this  program. 

t 

B.  BALANCE  AND  MODEL  SUPPORT  SYSTEM 

A  six  component  balance  is  mounted  under  each  test  section 
and  consist  of  a  rigid  earth  frame,  a  coupled  lift  frame,  a  forces 
frame,  and  a  moments  frame. 

Table  II  lists  the  design  limit  loads  and  the  expected 
accuracy  of  the  longitudinal  forces  and  moments  which  were  of 
interest  during  the  present  investigation.  These  limits  in¬ 
clude  a  model  static  weight  of  up  to  5000  lb. 


TABLE  II.  FORCE  BALANCE  LIMIT  LOADS  AND  ACCURACY 


Hin'TIliB 

Limit  Load 

-5,000 

-1,500 

±5,000 

+10, 000 

+3,000 

Accuracy 

±1.0 

±0.4 

±1.0 

Three  balance  readout  sen  'itivity  ranges  are  also  available  to 
provide  high  resolution  fo,  the  measurement  of  small  model  loads. 
These  ranges  are  listed  in  Reference  6. 


One-,  two-,  or  three-strut  systems  are  available  for  use 
with. the  balances  to  support  the  model  and  transfer  loads  to  the 
balances.  The  struts  are  generally  rendered  non-metric  by  means 
of  wind  shields  attached  to  the  test  section  floor. 

This  program  employed  the  two  outside  struts  of  the  three 
strut  system  and  a  specially  designed  pitch  actuation  system 
mounted  on  the  left  hand  strut.  The  struts  were  mounted  inside 
false  walls  which  were  built  inside  the  wind  tunnel.  The  false 
walls  (discussed  in  Section  III  .A)  in  addition  to  acting  as  a 
wind  shield  for  the  support  struts  and  air  supply  systems  became 
the  model  end  plates  necessary  for  a  two-dimensional  test. 
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C.  DATA  ACQUISITION  SYSTEM 


The  main  components  of  the  facility  data  acquisition  system 
include  a  CDC  1700  computer,  data  reading  equipment  (paper  tape 
and  cards),  a  magnetic  tape  deck,  the  computer  control  typewriter, 
data  printout  equipment  (line  printer  and  plotters),  and  the  re¬ 
quired  signal  conditioners  and  amplifiers. 

The  balance  data  and  model  g,ttitude  are  on  digital  display. 
Auxiliary  data  such  as  pressure,  temperature,  and  strain  gage 
readings  along  with  wind  tunnel  parameters  may  be  displayed  on 
l6  digital  data  channels  and  55  analog  channels. 

In  addition, 'still  photographs  are  available  for  the 
collection  of  qualitative  data. 

D.  AUXILIARY  SYSTEMS 

Auxiliary  air  is  supplied  to  the  facility  via  a  multistage 
centrifugal  compressor  powered  by  a  4500  h.p.  synchronous  motor. 
The  system  has  a  capacity  of  20  lb/sec  up  to  a  total  pressure 
head  of  318  psi.  The  total  temperature  is  approximately  100°F. 

.An  auxiliary  electrical  system  is  available  to  provide 
a  maximum  power  level  of  240  h.p.  at  voltages  up  to  400  V. 
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Ill  MODEL  DESCRIPTION 


A  large  two-dimensional  wing  model  was  selected  for  the 
experimental  test  portion  of  this  program.  It  has  a  span  of 
7'6.5",  a  chord  of  60"  and  its  airfoil  section  is  a  7^7A  to 
0.*lC,  0015- 3^  to  the  trailing  edge  and  the  whole  cambered  2.23$. 

The  wing  section  is  mounted  between  two  metric  end  plates  of 
6.5  ft.  diameter.  The  model  size  was  selected  from  a  trade-off 
between  ejector  size  required  for  good  performance  and  available 
wind  tunnel  facilities  suitable  for  this  type  testing. 

The  details  of  the  single  bay  OTA  ejector  are  shown  in 
Figure  1.  The  centerline  of  the  ejector  mixing  bay  crosses  the 
wing  chord  line  at  the  70#  chord  station.  The  centerline  of  the 
ejector  bay  is  inclined  30°  from  th  vertical.  The  ejector  is 
located  entirely  aft  of  the  do#  chor^  station.  The  mixing  sec- 
on  width  is  5  inches.  There  are  30  hypermixing  nozzles 
spaced  on  2.5  inch  centers.  The  nozzles  at  each  end  of  the  span 
ure  placed  with  their  centers  2  inches  from  the  end  plates.  The 
plane  through  the  hypermix? ng  nozzle  exits  is  normal  to  the  mixing 
section  centerline  The  str  ,\i  ^ht- walled,  constant  area  mixing  sec¬ 
tion  extends  approximately  T  inches  below  the  hypermixing 
nozzle  exit  plane.  Primary  airflow  is  also  introduced  into  the 
CTA  from  2  slot  nozzles  running  the  full  span  of  the  wing.  One 
slot  nozzle  is  at  the  top  of  he  forward  side  of  the  inlet  and  the 
othe>  is  located  at  the  bottom  of  the  aft  side  of  che  mixing  sec- 
ion. 

The  inlet  slot  height  is  controlled  by  spacing  washers  held 
in  place  by  screws.  The  mean  slot  height  is  0.020  inches  and  is 
maintained  by  51  evenly  spaced  washers,  each  0.3125  inches  in 
diameter. 

The  slot  located  at  the  bottom  of  the  aft  side  of  the  mixing 
section  has  a  height  of  0.050  inches.  A  similar  slot  is  located 
at  the  flap  top  surface  and  is  used  to  control  the  flow  over  the 
wing  at  large  flap  angles.  This  slot  was  sealed  during  this  test 
program. 
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Flap  BLC 
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FIGURE  1.  CTA  2D  MODEL 


The  plenum  chambers,  which  feed  the  nozzles,  have  been  made 
large  enough  to  insure  that  the  internal  airflow  mach  number  will 
be  0.25  and  less  at  the  primary  nozzle  inlets. 

The  ratio  of  the  inlet  area  to  the  effective  exit  area  of 
the  primary  nozzles  was  between  18:1  and  19:1.  Appendix  B  presents 
a  detailed  description  of  the  nozzle  area  raTiio,  and  its  determination. 

The  flap  system  is  composed  of  an  aft  flap  which  is  similar 

to  any  conventional  simple  flap  and  a  forward  flap  which  is  hinged 

at  the  ejector  bay  exit  forward  wall.  The  forward  flap  when  closed 

is  the  bay  exit  door  and  when  deflected"  forms  the  ejector  forward 
*  + 

diffuser  wall.  The  aft  flap  when  deflected  forms  the  ejector 
aft  diffuser  wall.  The  forward  flap  was  designed  to  be  remotely 
controlled  and  infinitely  variable  from  zero  degrees  to  90  degrees. 

The  aft  flap  is  variable  in  fixed  Increments  to  90  degrees.  Pro¬ 
visions  for  settings  of  0,  20,  30,  35>  45,  and  C>0  degrees  are 
currently  available.  The  flap  angle  was  defined  to  be  the  position 
of  the  aft  flap  with  respect  to  the  wing  chord  line.  This  position 
was  maintained  at  a  fixed  angle.  The  diffusion  area  ratio  was  ob¬ 
tained  by  moving  the  ejector  exit  door  to  the  position  required  to 
provide  the  specified  area  ratio.  Since  the  thrust  vector  angle  would 
be  approximately  the  centerline  of  the  ejector  diffuser  (assuming 
uniform  •"low  across  the  ejector)  it  varies  with  diffusion  area  ratio 
at  a  given  flap  angle. 

A  leading  edge  slat  was  provided  which  could  be  positioned  at 
either  a  45  or  60  degree  angle.  During  this  program  all  slats  on 
tests  were  with  the  slat  at  the  6o°  position. 


Figures  2  and  3  are  front  and  rear  views  of  the  model  mounted 
in  the  wind  tunnel,  in  these  pictures  the  leading  edge  slat  is 
installed  and  the  ejector  bay  is  open  in  a  30°  flap  setting  con¬ 
dition.  The  14  pressure  rakes  visible  in  Figure  3  were  used  for 
determining  the  ejector  exit  velocity,  the  augmented  thrust  and 
the  augmentation  ratio.  The  rakes  are  described  in  more  detail 
Jn  /Section  V. 
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FIGURE  2.  CTA  2D  MODEL  FWD  VIEW 
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FIGURE  8.  CTA  2D  MODEL  AFT  VIEW 


To  enhance  the  two-dimensional  qualities  of  the  test  the 
6.5  ft.  diameter  metric  end  plates  had  eight  boundary  layer  con¬ 
trol  nozzles  (4  each)  inserted  at  strategic  positions  along  the 
wing  chord.  The  nozzles  extend  from  the  wing  surface  upwards  and 
are  located  approximately  10$,  50$  and  75$  chord  stations  and  in¬ 
side  the  ejector  bay  at  the  hypermixing  nozzle  exit  plane.  These 
nozzles  blow  tangential  to  the  end  plate  surface  to  remove  the 
boundary  layer  at  the  wing-end  plate  intersection. 

4 

For  the  wind  tunnel  test  phase  of  the  program  the  two- 

dimensional  aspects  of  the  model  were  completed  by  mounting  the 

wing  section  and  metric  end  plates  between  two  large  nonmetric 

wall  sections  built  inside  the  tunnel.  Figure  4  shows  the  model 

mounted  between  these  false  walls.  The  walls  completejly  spanned 

the  tunnel  from  floor  to  ceiling  (16.25  ft)  and  were  2-3  feet  long 

from  leading  edge  to  trailing  edge.  The  model  support  struts, 

model  ducting  and  model  instrumentation  were  all  located  inside 

these  walls  so  that  no  airloads  were  transmitted  to  the  balance 

* 

because  of  them. 
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mou  4.  CTA  2D  MODEL  W.t.  INSTALLATION 


IV  INSTRUMENTATION 

The  test  section  dynamic  pressure  head  was  computed  from  the 
average  total  and  static  pressures  as  measured  by  2  total  pressure 
probes  and  10  static  taps  which  were  located  approximately  12  ft. 
upstream  of  the  model  between  the  false  walls. 

The  model's  auxiliary  air  mass  flow  rates  were  monitored 
by  means  of  orifices  mounted  in  the  main  air  line,  the  flap 
air  lino,  the  top  inlet  air  line,,  the  end  wall  air  line  and  the 
floor  blowing  air  line.  A  schematic  of  the  air  supply  system  is 
shown  in  Figure  5.  Static  pressure  taps  positioned  on  each  side  of 
the  orifices  provided  pressures  used  in  the  computations  of  the 
mass  flow  rates. 

The  angle  of  the  ejector  bottom  door  was  monitored  by  means 
of  a  rotary  potentiometer  mounted  at  the  door's  hinge  point. 

The  ejector  nozzle  conditions  were  measured  using  total 
pressure  probes  located  at  the  closed  end  of  the  inlet  boundary 
layer  control  and  flap  plenum  chambers  and  through  total  pressure 
probes  located  in  the  left  entrance,  right  entrance  and  center  of 
the  hypermixing  plenum  chamber.  The  mixing  section  exit  pressures 
were  measured  by  two  sets  of  rakes  (five  probes  each  rake,  one  for 
total  and  one  for  static  pressure  measurements)  positioned  as  shown 
in  Figure  6  and  7. 

The  end  plate  boundary  layer  control  slot  nozzles  were 
moni tored  by  measuring  the  pressure  in  each  slot  plenum. 

Ejector  exit  conditions  were  measured  by  means  of  1*1  pressure 
rakes  mounted  as  shown  in  Figure  3*  The  locations  of  these  rakes  are 
shown  in  Figure  l4.  Seven  of  these  rakes  were  suspended  from  the 
flap  while  the  remainder  were  mounted  from  the  door.  The  upper  and 
lower  rakes  which  were  mounted  at  centerline  (B.L.0.0)  of  the  model  eac 
consisted  of  six  pitot  static  probes.  The  remaining  six  upper  rakes 
contained  five  total  probes  and  one  pitot  static  probe  while  all  the 
pn.b  of  the  six  remaining  bottom  door  rakes  were  of  the  total  pres¬ 
sure  variety. 
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FIGURE  5.  SCHEMATIC  OF  MODEL  AIR  SUPPLY  SYSTEM 


31 220 N  J  V  322 ON  %  ^31 


FIGURE  ?  SIDE  VIEW,  MIXING  SECTION  RAKE 


A  typical  upper  lake  is  shown  in  Figure  8.  The  ports  of  the  total 
probes  were  bevelled  internally  approximately  30  degrees  to  minimis 
the  effects  of  misalignment  of  the  fixed  probes  with  respect  to 
the  airstream  velocity  vectors.  Figure  l6.l6  of  Reference  1  in¬ 
dicates  that  approximately  15  degrees  of  misalignment  is  possible 
with  this  type  of  port  with  no  significant  error. 

A  21  port  boundary  layer  rake  and  16  port  static  pressure 
board  were  installed  on  the  floor  under  the  model  to  measure 
test  parameters  in  the  vicinity  of  the  floor.  Table  III  gives 
pertinent  dimensions  of  both  the  boundary  layer  rake  and  floor 
static  pressure  board. 

The  main  balance  is  a  null  type  system,  and  the  six-com¬ 
ponent  forces  and  moments  are  measured  on  precision  weigh- 
beams.  Each  weighbeam  is  balanced  by  moving  a  jockey  weight 
along  the  length  of  each  beam.  The  position  of  the  jockey  weight 
on  each  weighbeam  which  indicates  the  balance  loads  is  determined 
by  an  optical  encoder.  Encoder  output  is  converted  to  the  appro¬ 
priate  signals  for  entry  into  the  Data  Acquisition  System  (D.A.S.). 

Wing  chordwise  pressure  distribution  was  measured  by  30 
static  pressure  taps  located  around  the  wing  outer  surfaces  at 
the  25  inch  span  station.  The  chordwise  location  of  each  pressure 
tap  is  given  in  Section  V. 
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FIGURE  8.  TYPICAL  UPPER  RAKE  CONFIGURATION 
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TABLE  III 

BOUNDARY  LAYER  RAKE  AND  FLOOR  STATIC  BOARD 


Orifice  Locations  -  Boundary  Layer  Rake 


Orifice 

— 

Inches  Above  Floor 

Orifice 

Inches  Above  Floor 

1 

0.500 

12 

6.000  1 

2 

1.000 

13 

3 

1.500 

14 

4 

1  r  1 

15 

3§  '■ 

5 

2.500 

16 

10.000 

6 

3.000 

17 

11.000 

7 

3.500 

18 

12.000 

8 

4.000 

19 

14.000 

9 

4.500 

20 

16.000 

5.000 

21 

18.000 

<1 

5.500 

Orifice  Locations 

-  Floor  Static  Board 

Orifice 

End  Wall 

Surface 

X,Z  Location,  Feet 

1,  12 

South,  North 

Stream  Side 

-8,  5 

2,  13 

-11,  -1 

3,  14 

-8,  -1 

4,  15 

-5,  -1 

5,  16 

-8,  -5 

6,  17 

Back  Side 

-11,  -1 

7,  18 

-8,  -1 

Q  IO 
v/  •  » 

Stream  Side 

6,  -1 

9,  20 

11,  -1 

Back  Side 

6,  -1 

11,  22 

11,  -1 

Note;  Positive  directions  are  up  and  downstream . 
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DATA  REDUCTION 


Six-component  external  main  balance,  test  section  freestreara, 
and  model  pressure  data  were  reduced  on-line  during  the  test  as- 
well-as  off-line  after  the  test  using  standard  FORTRAN  reduction 
programs  for  the  on-site  Control  Data  Corporation  1700  computer. 

Wind  tunnel  corrections  accounting  for  balance  interactions, 
weight  tares,  trapeze  tares,  end  plate  tares,  wind  tunnel  wall 
effects,  and  freestream  flow  angularities  were  applied  to  the 

1 

data. 

A.  CORRECTIONS  TO  TEST  DATA 

The  reduced  aerodynamic  and  propulsive  data  were  tabulated  ac¬ 
cording  to  the  format  presented  on  Table  IV.  The  aerodynamic  date  are 
presented  in  the  data  listing  in  both  the  corrected  and  uncorrected 
forms.  The  uncorrected  data  is  tabulated  on  page  1  of  the  reduced 
data  format.  It  is  a  compilation  of  the  tunnel  instrumentation  read¬ 
out  corrected  only  for  tare  parameters  with  no  test  section  blockage 
or  flow  irregularities  included.  The  corrected  data  is  tabulated  on 
page  3  of  the  reduced  data  format.  This  data,  in  addition  to  having 
the  usual  corrections  for  model  weight,  trapeze,  and  end  wall  blowing 
tares  applied  to  the  balance  force  and  moment  readout,  was  also  cor¬ 
rected  for  tunnel  curvature  and  blockage  effects. 


The  test  section  dynamic  pressure  and  velocity  were  corrected 
for  model  blockage  and  wake  blockage  for  the  power-off  (no  blowing 
through  primary  hypermixing  nozzles)  condition j  only  model  blockage 
corrections  were  applied  to  the  power-on  case.  These  corrections 
are  given  in  Reference  2  and  are  listed  below  for  convenience. 


5o  (1  +  2C  ) 

corr  uncorr  '  1 


where  £  =  t 


+  £. 


=  x  Model  Volume 


K1  -  0.7^1  for  wing  spanning  tunnel  breadth 
Mode]  volume  -  wing  volume  only 

=  0.7  x  wing  thickness  x  wing  chord  x  wing  span 


0 
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C  =  tunnel  cross  sectional  area  within  end  walls 

-  area  due  to  displacement  thickness  around  the  perimeter  of 
the  test  section. 


uncorr 


C  -  wing  chord 

h  =  tunnel  height 

C^=  uncorrected  drag  coefficient 

The  corrections  for  test  section  velocity  and  model  Reynolds 
number  will  be 

r 


V  =  V 

corr  uncorr 


RN  -  RN 

corr  uncorr 


(1  +£') 

(1  +  t) 


(2) 

(3) 


The  conventional  stream  line  curvature  corrections  will  be 
applied  to  the  power-off  and  power-on  test  data.  These  cor¬ 
rections  are 


c<  =  ^  fl¬ 

oor  r  uncorr 


C q  =  Co  (1-0*-  26.) 

/  corr  /  uncorr 


uncorr 


+  4  Cnu 

4uncorr 


on 

(5) 


C„i 


mMcorr 


=  C 


m£  uncorr 


(1-26)+  crC 


'ft 


corr 

n — 


(6) 


corr 


iCa  - 3  S.b.  -  2tw .b.) 

uncorr 


where  cr  = 


(c/h)‘ 


(7) 


Note  that  in  equations  (5),  (6)  and  (7)>  £  v  is  made  Kero  when 

W  #  1/  • 

coriv  e i ng  pow'-r-on  test  data. 
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The  corrections  for  Ram  drag  and  ejector  exit  momentum  coefficients 
are 

(Ram  dragV  =  Entrained  flow  rate  x  V 
'  ^'corr  corr 

^corr 

where  Sref  =  wing  plan  area 

The  inlet  slot  and  flap  upper  surface  slot  momentum  coefficients 
are  corrected  as  follows: 


ejector  gross  thrust 
<51  x 


C}i  inlet  slot  = 
(corr) 


momentum  through  inlet  slot 


Cji  flap 
(corr) 


momentum  through  flap  upper  surface  slot 
5“  3TS~7 


The  uncorrected  and  corrected  results  of  a  typical  test 
(Run  No.  75)  are  shown  in  figures  9  to  11.  Solid  blockage  correc¬ 
tion  increases  the  dynamic  head  of  the  main  stream.  The  wake  block¬ 
age  is  substantially  altered  by  the  jet  exit  momentum  and  when  con¬ 
ventional  wake  blockage  correction  is  applied,  it  decreases  the  value 
of  the  free  stream  dynamic  pressure.  The  blockage  effects  are  re¬ 
flected  in  the  value  of  (^obtained  in  the  test. 

The  induced  stream  line  curvature  over  the  wing  chord  nd  al¬ 
terations  to  the  curvature  of  the  Jet  sheet  are  to  be  considered  in 
any  two  dimensional  jet-blowing  model  tests.  In  the  absence  of  any 
available  wall  corrections,  conventional  corrections  are  applied. 

The  lift  curve  slope  is  essentially  the  same,  and  for  a  specified <* 
lowest  C(  value  is  obtained  when  solid  blockage  and  curvature  cor¬ 
rections  are  applied.  The  same  corrections  produce  lower  nose  down 
moment  and  lower  thrust  for  C-j_  values  of  interest. 
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FIGURE  10.  Cd  VS  Cjf  ,  EFFECT  OF  VARIOUS  TUNNEL  CORRECTIONS 
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B.  DATA  METHODS,  TABULATION  AND  FORMAT 

A  detailed  description  of  the  dat*»,  tabulation  format  to¬ 
gether  with  the  equations  and  methods  required  for  developing 
each  data  item  is  presented  in  this  section.  Hie  page  and  line 
listing  given  in  parenthesis  following  each  data  item  refers 
to  those  listed  on  the  sample  format  data  sheets  presented  in 
Table  IV. 

1.  Title  Section  (page  1,  lines  1-6) 

This  section  identifies  the  data  but  contains  no  data.  The 
date  in  the  title  block  is  the  date  on  which  the  data  was  reduced, 
not  the  date  the  run  was  made.  The  entire  program  was  assigned 
the  test  number  108  by  Lockheed. 

The  runs  are  numbered  consecutively.  Run  number  1  is  the 
trapeze  tare  run  and  run  number  2  is  the  boundary  layer  control  end 
blowing  tare  run. '  Run  number  3  is  the  first  actual  wing  section 
test  run.  The  configuration  number  identifies  which  set  of  primary 
nozzles  are  on  the  model.  Configuration  1  designates  the  FDL 
nozzle  set. 

2.  Model  Attitude  and  Free  Stream  Data  (page  1,  lines  7-11) 

The  information  on  this  line  is  as  follows: 

PT  =  Test  Point,  a  point  within  the  run  at  which  data  is  taken. 
ALPHA=  Model  angle  of  Attack,  the  angle  the  airfoil  chord  line 
makes  with  the  tunnel  horizontal.  This  is  a  geometric 
alpha.  The  aerodynamic  corrected  alpha  is  shown  in 
another  section. 

QO  =  Tunnel  free  stream  dynamic  pressure,  measured  between 

the  model  end  walls  10.5  ft  forward  of  the  basic  airfoil 
leading  edge  (approx.  2  chord  lengths)  QO  is  based  on  VO. 

VO  =  The  average  tunnel  free  stream  velocity.  It  is  the  arith¬ 
metic  average  of  two  pitot-static  probes. 

RN  =  Model  Reynolds  number 

PO  =  Tunnel  test  section  free  stream  static  pressure 

TO  =  Tunnel  test  section  free  stream  static  temperature 
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VL  =  Preestream  velocity  as  determined  by  a  pitot-static  tube 
whose  tip  is  12.5  ft  forward,  and  1.67  ft  below  the  basic 

airfoil  chord  point.  The  tube  is  1.5  ft  from  the  left 

end  wall. 

VR  =  Free  stream  velocity  as  determined  by  a  pitot-static  tube 
whose  tip  is  12.5  ft  forward,  and  I.67  ft  above  the  basic 

airfoil  chord  point.  The  tube  tip  is  1.5  ft  from  the 

right  endwall. 

NOTE:  The  pitot-static  tube  locations  are  presented  relative  to 
the  model  40 #  chord  point  because  the  model  pivots  around 
this  point  and  it  serves  as  a  convenient  reference  point. 
The  values  of  V,  and  Q  are  measured  values.  Corrected 
values  appear  elsewhere  in  this  report. 

3.  Main  Balance  Data  (page  1,  lines  13-21) 

In  this  section  up  to  four  lines  of  data  are  shown  under  four 
column  headings.  The  column  headings  are  defined  as  follows: 

CL  =  Lift 

CD  =  Drag 

CM  =  Pitching  Moment 

Resultant  =  Magnitude  of  the  ejector  induced  force  vector 

Theta  =  Direction  of  the  ejector  induced  force  vector 

X  chord  =  Position  of  the  ejector  induced  force  vector 

When  the  tunnel  Q  is  less  than  2.0,  the  lift  and  drag  are 
given  in  pounds  and  the  pitching  moment  is  given  in  foot-pounds. 
When  tunnel  Q  exceeds  2.0,  the  lift  drag  and  moment  are  given  in 
coefficient  form. 

The  first  line  of  data  is  the  wing  section  lift,  drag,  and 
pitching  moment.  All  tares  including  end  blowing  tares  have  been 

applied. 

The  second  line  is  a  listing  of  the  end  blowing  tare  used 
in  arriving  at  the  wing  section  data  of  the,  previous  line,  and  is 
always  shown  in  pounds. 
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The  third  and  fourth  lines  are  printed  only  when  Q  is  less  than 
2.0.  Line  four  labeled,  flap  thrust,  is  the  estimated  thrust  which 
is  produced  by  the  top  of  the  flap  BLC  slot.  This  slot  was  not  used 

during  this  test  program  hence  these  thrust  values  are  always 
zero.  Line  four  is  the  ejector  induced  thrust  and  in  this  test 
program  always  equal  to  the  wing  section  force.  The  angle  theta 
and  the  distance  XCHORD  arc  printed  for  all  low  speed  tests,  but 
are  only  valid  for  points  where  angle  of  attack  equals  zero. 

Theta  and  XCHORD  are  defined  as  follows. 

0  =  Aretan  .<§|§§) 

XCHORD 

4 .  Mass  flow  Data  (page  1,  lines  22-39) 

In  this  section  all  the  data  pertaining  to  the  high  pressure 
air  supply  mass  flows  is  displayed. 

There  are  seven  square  edged  metering  orifices  in  the  high 
pressure  air  supply  system.  These  are  identified  as  follows. 

Tunnel  main.  This  orifice  is  located  in  the  main  air  supply 
line.  All  high  pressure  air  used  in  the  test 
passes  this  metering  station. 

Model. Right,  This  orifice  meters  all  air  supplied  to  the 

right  side  of  the  model,  exclusive  of  the  end 
wall  blowing  air.  This  air  goes  to  the  right 
manifold  and  then  into  the  inlet  BLC  slot 
plenum  tube,  the  flap  BLC  plenum  tube,  and  the 
right  end  of  the  hypermixing  nozzle  plenum 
tube . 


_  Pitching  Moment  at  25$  chord 


resu] 


:orce ; 
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Model  Left,  This  orifice  meters  all  air  supplied  to  the  left 
side  of  model,  exclusive  of  the  end  wall  blowing 
air.  All  air  passing  this  orifice  enters  the 
hypermixing  nozzle  plenum  tube. 

Model  End,  This  orifice  meters  all  the  BLC  air  supplied  to 
the  model  endwall  slots. 

Tunnel  Floor,  This  orifice  meters  all  air  supplied  to  the 
test  section,  tunnel  floor  blowing  slot. 

Inlet  Plenum,  After  the  inlet  BLC  slot  air  leaves  the  right 
side  air  manifold,  it  passes  this  metering 
orifice. 

Flap  Plenum,  This  orifice  installation  is  similar  to  the 

•  inlet  BLC  slot  orifice  installation  and  meters 
all  air  entering  the  flap  tube  plenum. 

The  weight  flow  through  each  of  the  orifices  is  determined 
from  the  measured  values  of  air  temperatures  (T),  orifice  up¬ 
stream  static  pressure  (P)  and  the  static  pressure  differential 
(DP)  across  the  orifice  plate.  The  temperature  is  measured  at 
one  station  near  the  main  orifice  and  is  assumed  to  remain  con¬ 
stant  throughout  the  system  since  the  high  nressure  air  temper¬ 
ature  is  near  that-of  the  ambient  surroundings.  The  measured 
temperature,  upstream  pressure,  pressure  differential,  and  re¬ 
duced  weight  flowrate  (W)  are  displayed  in  this  section  for  each 
of  the  seven  metering  orifices.  The  data  was  reduced  using  the 
following  equations  recommended  in  Reference  4. 

W  =  .S25  K  Y  D2  ^  P(DP^,  LB/SEC 

where  K  =  Cd/(1-^)^ 

Y  =  l-(0.4l+.35^)(DP/1.4P) 

=  D/Dpipe 

D  =  orifice  diameter,  inches 

R  =  gas  constant,  ft-lb/lb-°R 
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The  ejector  primary  weight  flowrates  were  determined  from 
four  of  the  seven  orifices.  The  characteristics  of  these  four 
are  shown  in  Table  v. 


TABLE  V  -  PRIMARY  ORIFICE  CHARACTERISTICS 


NAME 

TAP 

LOCATION 

D  pipe 
INCHES 

D 

INCHES 

wa 

K  EQUATION  (Ref> 

MODEL  LEFT 

FLANGE 

4.026 

2.250 

0.559 

K=0 . 63667 ( 1+ (475 . 28/RH ) ) 

(1) 

MODEL  RIGHT 

FLANGE 

4.026 

2.650 

0.658 

K-0 . 67130( 1+ (879 . 02/RN ) ) 

(1) 

INLET  PLENUM 

D  ft  i  D 

4.321 

2.199 

0.510 

K«0. 62090+ (1. 47 l/(RN)i) 

(1) 

FLAP  PLENUM 

D!c  JD 

4.321 

3.104 

0,720 

K-{0.?0994+(3.246/(RN)&) 
(0.935)  • 

(2) 

(1)  AT  RN  =•  30,000 

(2)  AT  RN  2-  50,000 

NOTE,  RN  s  PIPE  REYNOLDS  NO. 

The  main  orifice  total  weight  flow  was  assigned  an  arbitrary 
value  of  100  percent.  The  sum  of  the  weight  flows  from  the  other 
six  orifices  should  equal  the  weight  flowrate  through  the  main 
orifice.  The  extent  to  which  this  sum  did  not  match  the  main 
orifice  result  is  displayed  on  the  data  sheet  in  the  Percent  column 
and  on  the  line  labeled  Discrepancy. 

The  primary  split  column  displays  what  percentage  of  the  primary 
ejector  air  goes  to  each  of  the  three  types  of  primary  nozzles. 
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The  Hyper  split  column  displays  what  percentage  of  the  hyper¬ 
mixing  nozzle  air  supply  is  entering  at  each  end  of  the  plenum 
tube. 


5 .  Ejector  P'  num  Data  (page  1,  lines  *<0-49) 


This  section  presents  primarily  the  pressure  data  gathered 
in  the  ejector  plenums.  Five  total  pressure  measurements  were 
made  and  they  are. listed  in  the  column  marked  PT.  Th^  pressure 
tap  locations  are  as  follows. 

Inlet  Plenum  =  A  pressure  tap  at  the  dead  end  of  the  inlet 
slot  plenum  tube. 

Flap  Plenum  =  A  pressure  tap  at  the  dead  end  of  the  flap 
plenum  tube. 

Hyp  Plenum  Center  =  A  wall  tap  located  on  the  hypermixing 

nozzle  plenum  tube  surface,  at  midspan. 

Hyp  Plenum  Left^]1"  Total  pressure  probes  located  as  3hown 

in  Figure  12. 


In  the  third  column  are  the  primary  nozzle  effective  areas. 
The  effective  areas  are  computed  as  follows. 

A0  =  T^’FtJ'  (PT) 


AO  =  Effective  area  of  the  nozzle,  inches 
W  -  Measured  flowrate  through  the  nozzle,  #/sec 
T  =  Primary  air  supply  temperature,  °R 
PT  =  Plenum  total  pressure,  PSIA 
FFT~  Total  flow  function 


where, 

FFT 


z  <y-i> 


PT 

PO 


PC  =  Tunnel  static  pressure 

=  Ratio  of  specific  heats,  1.4 
R  =  r.as  constant,  53.3  ft#/#°R 

p 

S  =  Gravity  constant,  32.2  ft/sec 

In  the  forth  and  fifth  columns  the  Mach  number  and  velocity 
of  the  air  at  both  ends  of  the  hypermixing  nozzle  plenum  are  dis- 


34 


SIDE  VIEW 


played.  These  values  are  computed  as  follows 

PT  a  Total  pressure  reading  from  pitot-static  probe 
PS  =  Static  pressure  reading  from  pitot-static  probe 
T  =  Supply  air  total  temperature 
i-1 

TS  =  T(p,n)  ^  =  static  temp  at  plenum  inlet 

jl 

AV  =  ( 1  gRT)2  =  speed  of  sound  at  plenum  inlet 

VEL  =  (  (2)(Cp)  (J)  (g)  (T-TS)  )2  =  velocity  at  plenum  inlet 

MACH  NO.  =  VEL/AV  =  Mach  number  at  plenum  inlet 

J  =  Joule's  Constant,  778.3  BTU/FT-LB 

Cp  -  Constant  pressure  specific  heat,  0.24  BTU/lb-°R 

In  column  six  are  the  readings  of  the  static  pressure  ports  on 
the  pitot-static  tubes  and  column  seven  is  the  measured  difference 
between  the  pitot-static  tube  total  and  static  readings.  Column 
eight  is  themmrasured  plenum  pressures  presented  as  gauge  pressures. 

Column  nine  contains  five  areas  and  one  area  ratio.  These 
values  are  defined  as  follows: 

AOH/30  *-  The  mean  effective  area  of  the  thirty  hypermixing 
nozzles. 

AOT  =  The  total  ejector  primary  effective  area. 

A1  -  The  estimated  inlet  area  available  to  the  ejector 

secondary  flow  at  the  hypermixing  nozzle  exit  plane. 

A1  =  (5.15) (76.5)  -  (A OH  +  A 01) 

where 

5.15  =  Fjector  bay  width  at  hypermixing  nozzle  exit 
plane  (inches) 

76.5  =  Ejector  bay  span,  inches 

AOH  =  Effective  exit  area  of  thirty  hypermixing  nozzles 
AOI  =  Effective  exit  area  of  the  Inlet  BLC  slot 
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A2  -  Ejector  mixing  section  area  at  end  of  straight  walled 
mixing  section.  This  area  lies  in  a  plane  parallel  to, 
and  2.1  inches  below  the  hypermixing' nozzles  exit  plane. 

The  value  of  382.5  square  inches  is  a  constant  for  this 
model  and  is  the  5  inch  bay  width  multiplied  by  the  76.5 
inch  bay  span. 

A3  =  The  diffuser  exit  area.  This  area  is  defined  by  LE  of  item 
7  multiplied  by  the  wing  span  (76.5  in.). 

A1/A0  =  The  inlet  secondary  to  primary  area  ratio.».  It  was  this 
area  ratio  which  was  intended  to  have  a  nominal  value  of  15 
to  1  for  this  test  program. 

6 .  End  Blowing  Pressures  and  Mixing  Section  Exit  Data 
(page  1,  lines'' 50-60) 

The  end  blowing  pressures  are  measured  at  each  of  the  end  wall 

blowing  slot  plenums  and  are  listed  in  columns  one  and  two. 

The  mixing  section  exit  pressures  are  measured  by  two  sets 

of  rakes  positioned  as  shown  in  figures  6  and  7. 

7.  Diffuser  Exit  Rake  Data  (page  2,  lines  1-42) 

This  section  presents  both  the’  measured  and  computed  diffuser 

exit  rake  values.  These  values  are  listed  as  follows. 

PT  =  Rake  total  pressure  measurement.  These  measurements  were 
taken  at  84  locations  within  the  diffuser  exit. 

PS  -  Rake  static  pressure  measurement  or  estimate.  The  static 

pressures  were  measured  at  18  rake  locations  and  estimated  at 
the  remaining  66  locations. 

VM  =  The  air  velocity  at  the  probe  or  measuring  station 
VM  =  (64,4  (PT-PS)(£|^)(T3j}2 

where  T3  =  The  measured  ejector  exit  temperature,  shown  on  page  2, 
line  3  of  print-out. 

VE  =  The  ultimate  diffuser  air  exit  velocity  attained  when  the 

air  static  pressure  equals  ambient.  The  additional  diffusion 
which  takes  place  beyond  the  rake  probes  is  assumed  to  occur 
with  negligible  additional  total  pressure  loss. 
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VE  =  (6k.k  ( PT-PO) 

The  estimated  static  pressures  are  formed  as  follows.  Each 
probe  tip  location  is  designated  by  the  subscripting  convention 
shown  below. 

J=1 _ 2 _ 3  ^  5-  .6  7 

Dots  represent  locations 
where  PS  is  measured 


Flap 

Rake 


Door 

Rake 


Left 


Right 


Then* 

?s  (i.  J)  =  PS  (i, 

Line  3  of  this  page  lists,  in  addition  to  the  e.jector  exit  temper¬ 
ature,  two  diffuser  exit  dimensions,  the  flap  and  door  position  in¬ 
dicator  angles,  and  the  diffuser  exit  (A3)  to  mixing  section  (A2) 
area  ratio.  The  diffuser  exit  dimensions  are  defined  as  follows. 

LE  =  The  diffuser  exit  dimension  is  used  to  compute  the  diffuser 
exit  area  (A3) .  This  dimension  has  been  arbitrarily  de¬ 
fined  as  shown  in  Figure  13. 

LM  =  The  exit  dimension  along  which  the  rake  probe  readings  are 
assumed  to  apply.  This  dimension  is  also  shown  in  Figure 
10. 

DELD  =  The  door  position  angle  is  a  parameter  used  when  conducting 
the  test  to  aid  Ln  setting  the  door  position  and  is  included 
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in  the  output  for  reference  only. 

DELF  =  The  flap  angle  is  defined  as  the  angle  the  flap 

chord  line  makes  with  the  basic  airfoil  chord  line.  This 
angle  is  5°  greater  than  the  amount  of  flap  deflection  re¬ 
quired  to  achieve  it. 

A3/A2  =  The  diffuser  exit  to  mixing  section  area  ratio.  This  is 
defined  as  follows , 

A3/A2SLE/5.0 

Also  shown  on  page  2  are  the  increments  along  the  span  (DY)  and 
the  increments  (DZ)  along  the  exit  dimension  (LM),  over  which 
each  probe  reading  is  assumed  to  apply.  The  values  of  DY  are 
■picked  so  that  the  probes  are  near  the  center  of  the  increment 
over  which  they  apply.  These  increments  were  selected  before 
the  tests  began  and  were  never  changed.  The  sum  of  the  DY  in¬ 
crements  is  76.5  inches.  The  actual  location  of  the  rakes  with- 
in  these  increments  is  shown  in  Figure  1U . 

The  DZ  increments  for  each  probe,  used  in  the  integration  to 
determine  total  ejector  mass  flow,  over  the  distance  from  mid  way 
between  each  of  the  adjacent  probes  or  from  the  ejector  wall  and 
the  adjacent  probe  as  shown  below. 


In  the  case  of  overlapping  rakes  the  DZ  values  for  any  probe 
on  a  door  rake  which  falls  above  the  sixth  probe  on  a  flap  rake 
is  assigned  the  value  of  zero.  The  sum  of  all  the  DZ  increments 
equal  LM, 

8 .  Airfoil  Pressure  Distribution  (page  2,  lines  43-52) 

This  section  displays  airfoil  surface  static  pressure.  If 
QO  is  less  than  2.0  the  units  on  these  values  are  PSFG,  but  if  Q0 
exceeds  2.0  the  values  are  in  the  form  of  pressure  coefficients. 
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NOTES : 

1.  Solid  vertical  lines  signify  locations  of  pressure  rakes. 

2.  Dashed  vertical  lines  signify  integration  elements  (DY)  covered 
by  each  set  of  pressure  rakes. 

3.  Black  dot  signifies  the  location  of  each  hypermixing  nozzle 

4.  Drawing  is  1/8  scale 


FIGURE  14.  EJECTOR  EXIT  PLANFORM 


\  A 


figure  15  shows  the  pressure  tap  locations  as  designated  in  the  data 
printout.  Table  VI presents  these  locations  in  percent  of  chord  of  the 
closed  wing.  The  locations  around  the  airfoil  surface  are  given  as  a 
percent  chord  for  taps  forward  of  the  60#  chord  line.  Behind  the 
ejector  the  pressure  tap  locations  are  identified  by  their  distances 
in  inches  from  the  trailing  edge  of  the  flap  and  door  respectively. 

Five  locations  along  the  ejector  aft  inlet  are  denoted  by  the 
letters  A  through  E.  These  locations  are  identified  on 
Figure  7. 

9.  Performance  Data  (page  3.  lines  1.  4l) 

The  following  equations  are  used  to  produce  the  performance 
results  presented  in  this  section.  The  gross  thrust  augmentation  ratio 
is  determined  for  the  two  dimensional  wing  section.  The  end  blowing 
nozzles ,  while  introducing  air  into  the  ejector,  are  assumed  to  be 
doing  nothing  more  than  helping  maintain  the  two  dimensional  charac¬ 
ter  of  the  flow  across  the  entire  wing  span.  For  this  reason,  the 
airflow  through  these  nozzles  is  not  considered  when  the  rentropic 
primary  thrust  (FI)  component  of  the  thrust  augmentation  ratio  is  being 
computed  for  the  two  dimensional  section.  No  correction  is  applied 
to  the  gross  thrust  (FG)  as  determined  by  the  diffuser  exit  rakes 
since  these  rakes  are  far  enough  from  the  high  velocity  wall  jet  flow  to 
be  uneffected  by  it.  The  reaction  force  produced  by  these  wall  jets 
must  be  subtracted  from  the  thrust  balance  reading  however,  to  deter¬ 
mine  the  wing  section  contribution  to  the  balance  force. 

\ 

The  density  at  the  diffuser  exit  measuring  section,  along 
line  LM,  is  calculated  as  follows. 

RHOM  (I,J)  =  PS  (I,J)/(53.3)(T3) 

Next  the  flowrate  through  each  area  increment  is  computed. 

W(I,J)  =  (DZ(l) (DY( J) )  (RHOM  (I,J)  (VM(l, J) ) 

The  total  ejector  exit  mass  flowrate  and  thrust  are  determined  by 
summing  up  the  values  determined  for  each  probe  increment. 
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TABLE  VI 


x 
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r-4  i-4 


in 

cvj  in 
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WE  » 


w(i,J) 


12  7 

£  £ 

I  =1  J  =  1 


FG  =  _ 1 

3572 


12  7 

E  E  (W  (I,J))  (VE(I,J)) 

1  =  1  J  =  1 


The  isentropic  thrust  (FI(K))  of  each  primary  nozzle- is  computed 
using  the  isentropic  velocity. 


VIS(K) 


(2)  (Cp)  (g)  (J)  TJ 


where,  PT(K)  is  the  plenum  pressure  for  each  primary  nozzle. 

The  subscript  (K)  denotes  each  of  the  three  primary  nozzles, 
inlet  slot,  hypermixing,  diffuser  slot. 

PI  -  (w(K))  (vi(K)j 

The  ram  drag  of  the  secondary  air  stream  (FR)  is  deter¬ 
mined  as  follows : 

_  (WE-WP)VO 
g 

wht;re  WP  as  the  total  primary  flowrate  and  is  the  sum  of  the  metered 
quantities  passing  the  left  and  right  main  metering  orifices. 

The  equivalent  ram  drag  of  the  primary  air  is  defined  as 

PKP  a  (WP)  (.Y.Q.1 

g 

All  values  labeled  as  drag  (CD)  or  jet  momentun  (CMU)  coefficients 
are  printed  as  actual  values  of  drag  or  thrust  if  QO  is  less 
than  3.0  (V0<  52.5  FPS) . 

The  estimated  flap  thrust  is  that  thrust  which  is  produced 
by  the  BLC  jet  on  the  top  surface  of  the  flap.  This  value  is 
always  zero  as  th.i  s  slot  was  not  used  in  the  current  tost  program. 
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The  values  presented  as  'Static  Thrust  Augmentation  -  Force 
Balance'  is  the  resultant  wing  section  thrust  divided  by  the 
isentropic  primary  thrust.  This  value  is  only  computed  when  QO 
is  loss  than  2.0  but  is  not  a  true  static  thrust  augmentation 
ratio  to  the  extent  that  the  model  itself  drives  the  tunnel  to 
some  value  of  QO  other  than  zero. 

Linos  3o  to  4l  on  page  3  are  a  configuration  summary,  but 
includes  the  tunnel  free  stream  velocity  and  the  hypermixing  nozzle 
plenum  centerline  pressure  ratio  (PRN) . 

Lines  43  through  52  present  the  aerodynamic  data  with  block¬ 
age  and  curvature  corrections  applied.  These  corrections  are  dis¬ 
cussed  in  section  V  A. 

10.  Miscellaneous  Test  Environmental  Data  (page  4) 

This  page  contains  the  end-wall  pressure  tap,  tunnel  floor 
static  pressure  tap,  and  the  floor  boundary  layer  rake  readings. 

The  position  of  these  readings  is  described  on  the  output  sheet 
itself. 

The  floor  boundary  layer  rake  is  under  the  model, on  the 
balance  center, which  is  the  model  40#  chord  point.  The  rake 
probe  heights  (HT)  above  the  tunnel  floor  are  given  in  inches. 
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VJ  TEST  PLAN  AND  RESULTS 

The  model  was  te.*$ted  at  flap  angles  of  20  and  30  degrees. 

The  primary  test  variables  were  diffuser  area  ratio,  primary  nozzle 
pressure  ratio,  freestream  velocity  and  angle  of  attack.  Table  VII 
is  a  summary  of  the  test  schedule  presenting  the  test  conditions 
and  range  of  variability  of  the  primary  test  variable  for  each 
individual  run.  The  runs  are  numbered  in  the  sequence  that  they 
were  made  during  the  test  program  and  are  coincident  with  the 
run  numbers  presented  in  the  plotted  and  tabulated  data. 

The  test  .results  were  plotted  according  to  the  plotting 
schedule  of  Table  VIII.  Presented  in  the  table  are  the 
figure  number  and, its  title,  the  pertinent  configuration  data, 
the  plotted  parameters  and  the  runs  used  to  make  up  each  plot. 

The  figures  as  defined  by  the  plot  schedule  are  presented  in 
Appendix  A. 

The  tabulated  data  compiled  according  to  the  format  defined  in  Sec. 
V  for  each  of  the  Table  VII  runs  is  available  at  the  FDL  of  WPAFB. 

In  evaluating  the  data  of  Appendix  A  the  anomalies  and 
failures  noted  in  Table  IX  should  be  taken  Into  consideration. 

The  data  of  these  various  runs  and  points  within  a  given  run  were 
not  voided  because  in  all  cases  either  the  aerodynamic  or  pressure 
data  would  provide  good  results  although  one  or  the  other  could 
be  in  question.  In  all  cases  the  data  was  repeated  to  insure  that 
the  points  would  be  covered.  The  data  that  can  be  salvaged  from 
these  specific  data  points  can  be  used  for  checks  on  the  repeated 
data. 
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TABLE  VII.  2D-CTA  WIND  TUNNEL  TEST  SCHEDULE  A, /A  '*15 
_  ..  _ _ i  o  _ 


Trapeze  Tare 

End  Plate  Blowing  Tare 


1.87 

1.3  to  2.25 
1.87 
1.87 
1.87 

1.3  to  1.87 
1.87 


-10  to  +32 
-10  to  +24 
-10  to  rtf 
0 

-10  to  efs 
-10  to  at. 
-4.  0,  +4* 
-10  to  <a 

l 

-4,  0,  +4 
-10  to.Cs 


ON  1.4  to  2.0 
1.8 
1.8 
1.8 
1.4 
1.8 
1.4 
1.4 
1.4 
1.6 


Leakage  out  of  BLC  supply  1 Ine 
Repeat  Bun  5 


Rod  plate  aeal° failure  at  high 
Stiffened  and  walla  -  aolred  aeal  problem 


Mottle  c’lpe  failed  prevloua  to  tills  run 
Mottle  failure  repaired 


38 

r 

fto 

39 

100 

40 

130 

4l 

165 

4? 

0 

43 

Srt 

44 

130 

45 

130 

46 

130 

47 

0 

48 

0 

1.3  to  1.87 
1.87 


-4,  0  +4 
-10  toK  g 

-10  too<a 

-4,  0,  +4 
9.  8,  16,  20 
0 
0 

-10  to  32 

-10  to#Cs 


-4,  0,  +4 
0 

•10  tc 


1  ‘o^S 


-4,  0,  ft 

-10,0,4,12, 

20 


1.6 

1.6 

1.6  to  2.0 

2,0 


1.3  to  2.0 

1.8 


Repeat  Bun  14  -  Mottles  Repaired 
*  *  12  »  •  • 


1.4  to  2.0 

1.4 

1.4 

1.5 

1.3 

1.4  to  2.0 

1.4  to  2.0 

1.3  to  2.0 
1.3  to  2.0 
1.68 
1.46 
1.95 
1.75 


1.3  to  2,0 

1.8 


Ploor  blowing  on  -  data  doesn't  appear  correct 


Medal  f*d  from  right  aide  only  -  Inf*  aide 
waive  cloaad 
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TABLE  VIII 


TABLE  IX 


ANOMALIES  AMD  FAILURES  ENCOUNTERED  DURING  SPECIFIC  TEST  POINTS 


DATE 

RUN 

PTS 

REMARKS 

7/2*1 

3 

1-6 

Progressive  Leak  at  blanked  flap  slot 
(Approx.  1.2$  of  Primary  flow). 

7/25 

4 

4-5 

Inlet  plenum  hose  starts  slipping  and 

5 

1-7 

at  Pt  5-7  blows  completely  off. 

4 

5 

Right  side  hose  from  manifold  to  hyper- 

5 

1-7 

mixing  nozzle  plenum  leaking. 

8 

3 

* 

Approx.  2$  primary  flow  leaking  through 
blanked  flap  slot. 

7/26 

9 

1-15 

> 

7/27 

10 

11 

1-12 

1-3 

12 

13 

14 

1-12 

1-13 

1-13 

Hypermixing  nozzle  exit  clip  failures 

15 

1-4 

7/26 

9 

9 

12-15 

Tunnel  q  changed  abrubtly,  point  'repeated, 
end  seal,  left  side  failed 

7/30 

19 

4-8 

Side  force  &  yawing  moment  problem,  points 
re-run 

20 

8 

Leading  edge  slat  came  loose  from  center 
support  at  or  before  Pt.  8 

7/31 

After  Run  29  the  flap  plenum  is  noted  to 
have  rotated  by  0.18  inches  along  its  cir¬ 
cumference.  The  flap  leading  edge  rotated 
forward. 

8/9 

103 

102 

thrull3 

2-3 

Inlet  plenum  hose  blew  loose. 

Suspect  partially  blocked  flap  BLC  nozzle 

The  discrepancy,  (line  32  column  5  Table  IV)  between  the  total 
air  flowrate  to  the  model  as  measured  by'the  Lockheed  main  metering 
orifice  and  the  total  flowrate  arrived  av,  by  summing  the  values 
from  the  two  primary  orifices  and  the  end  and  floor  blowing  orifices 
consistently  ran  between  5  and  20  percent.  It  was  originally  hoped 
that  these  totals  would  agree  to  within  +  2$. 

The  main  orifice,  except  at  very  low  flowrate,  consistently 
indicated  a  lower  air  flow  than  the  run  of  the  remaining  orifices. 

The  orifice  instrumentation  and  pressure  fittings  were  checked 
for  leaks  and  these  checks  failed  to  uncover  the  cause  of  the 
discrepancy.  Other  explanations  were  logically  ruled  out. 

For  example] 

(a)  If  a  leak  occurred  between  the  main  orifice  and  the 
remaining  orifices  the  main  orifice  would  have  given 
the  higher  reading. 

(b)  If  the  air  had  cooled  before  it  reached  the  downstream 
orifices  the  main  orifice  again  would  be  expected  to 
give  the  higher  reading. 

In  the  absence  of  any  direct  evidence  as  to  the  cause  of  the 
discrepancy  it  was  decided  that  the  main  orifice  readings  would 
be  disregarded  and  the  values  recorded  by  the  remaining  orifices 
would  be  used  to  compute  the  CTA  performance.  This  was  done  for 
the  following  reasons. 

(a)  The  magnitude  of  the  pressure  differentials  across  the 
downstream  orifices  were  much  greater  than  across  the 
main  orifice  and  thought  to  be  less  sensitive  to  in¬ 
strumentation  error. 

(b)  The  computed  effective  area  of  the  hypermixing  nozzles 
were  nearer  the  values  obtained  by  independent  (ARL) 
calibrations  if  the  remaining  orifices  and  not  the 
main  orifice  readings  were  used  to  make  the  computation. 
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APPENDIX  A 


PLOTTED  DATA  RESULTS 
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APPENDIX  B 


DETERMINATION  OP  EJECTOR  NOZZLE  PERFORMANCE 


There  has  been  much  confusion  concerning  the  values  of  the 
geometric  and  effective  primary  nozzle  areas,  how  they  were 
determined,  and  how  they  influenced  the  value  of  the  inlet  area 
ratio  (A1/Aq).  This  note  explains  the  origin  and  gives  an  explan¬ 
ation  of  the  following  three  sets  of  primary  nozzle  area  values. 

.  A)  The  final  set  of  pretest  predictions 

B)  A  set  of  values  for  e  typical  test  as  they  appear 
on  the  test  data  printout  sheet. 

C)  The  post  test  assessment  of  the  most  probable 
actual  values  of  each  number  in  the  set. 

Also  shown  for  reference  are  the  results  for  the  hypermixing 
nozzles,  both  FDL  and  ARL  sizes,  during  calibration  and  selected 
test. 

The  values  shown  are  defined  as  follows. 

I.  NOZZLE  DEFINITIONS 

A.  Primary  Nozzle  Geometric  Exit  Area  (AG) 

1.  Hypermixing  Nozzles 

For  the  hypermixing  nozzles  this  value  is  the  sum 
total  of  the  exit  areas  of  each  of  the  six  exit  openings.  Each  area 
is  defined  as  the  opening  length  times  the  width.  The  width  of  the 
opening  nearest  the  nozzle  base  is  defined  as  in  sketch  a)  snd  the 
width  of  the  remaining  openings  are  defined  as  shown  in  sketch  b). 

2.  Inlet  Blowing  Slot 

The  inlet  slot  nozzle  area  is,  strictly  speaking,  not 
the  exit  area  but  the  slot  throat  area  which  is  0.156  Inches  (1/2 
spacer  washer  diameter)  back  from  the  nozzle  exit  plane.  The  area 
is  defined  as  the  spacer  thickness  times  the  ejector  span  minus 
the  sum  of  ell  the  spacer  diameters. 
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HYPERMIXING  NOZZLE  EXIT  WIDTH 


3.  Diffuser  Blowing  Slot 

The  diffuser  slot  nozzle  area  Is  defined  as  the  ejector 
span  times  the  slot  width.  Although  there  is  no  good  way  to  confirm 
itj  the  diffuser  nozzles  are  designed  so  that  the  minimum  slot  width 
occurs  at  the  nozzle  exit  plane. 

B.  Primary  Nozzle  Effective  Exit  Area  (A0) 

The  effective  area  of  each  primary  nozzle  is  defined  as  the 
nozzle  throat  area  required  to  pass  the  same  flowrate  for  a  flow 
expanding  isentropically  from  the  nozzle  plenum  conditions  to  an 
ambient  back  pressure.  The  location  in  the  plenum  at  which  the 
total  temperature  and  pressure  is  measured  is  undefined  and  the 
location  at  which  the  ambient  back  pressure  is  measured  is  also  un¬ 
defined.  The  details  of  the  instrumentation  locations  and  method 
of  computing  effective  area  for  the  wind  tunnel  test  program  are 
reported  in  Section  VI. 
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C.  Nozzle  Coefficients,  Cp,  Cy,  Cq 

These  coefficients  are  the  classic  nozzle  discharge, 
velocity,  and  contraction  coefficients  and  are  related  8s  follows. 

CD  =  x  CC 

The  discharge  coefficient  is  defined  as. 


The  velocity  coefficient  (Cy),  known  as  the  nozzle 
efficiency  ( ^  by  ARL,  is  defined  as  follows: 

V 

_  P  e  _  „ 

1  N  =  TPfTr  -  -VJ-  -  °V 

F  =»  measured  thrust  of  a  single  isolated  nozzle 

H l  =  measured  mass  flowrate  through  the  nozzle 

Vg  =  isentropic  exit  velocity  based  on  the  ratio 
of  the  nozzle  plenum  (total)  pressure  to  the 
ambient  back  pressure. 

=  actual  mean  nozzle  exit  velocity. 

c 

The  approximately  equal  symbol  is  replaced  by  an  equal 
symbol  for  cases  where  the  nozzle  exit  flow  is  perfectly  expanded 
(pc  =  pa) . 

D.  Secondary  Stream  Inlet  Area  (A^) 

The  area  available  to  the  secondary  stream  at  the  ejector 
inlet  is  difficult  to  determine  exactly.  The  value  A^  which 
approximates  this  area  very  closely  has  been  defined,  by  mutual 
agreement  between  FDL  and  BELL,  a  s  follows, 

A1  =  Ainlet  “  A°inlet  ~  AOhyp* 

=  inlet  area  as  defined  in  the  following 
■ lnlet  paragraph 

A0inipf  *  aowvp  *  Effective  areas  of  the  inlet  slot  primary 
Hxr  nozzle  and  the  hypermixing  nozzles, 
respectively. 
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The  inlet  area  is  defined  as  the  rectangular  area  lying 
in  the  plane  passing  through  the  exits  of  all  the  hypermixing 
nozzles.  The  length  of  the  rectangle  is  the  full  ejector  span 
(end  plate  to  end  plate).  The  width  is  measured  from  the  nozzle 
base  plate  to  the  point  where  the  exit  plane  intercepts  the  aft 
inlet  surface. 


II.  NOZZLE  AREAS  AS  DETERMINED  PROM  TEST  RESULTS 
A.  Pre-test  Data  Set 

An  Inlet  area  ratio  (A^/A0)  of  15  was  requested  by  PDL 
as  this  value  was  representative  of  a  group  of  designs  in  which 
they  had  a  current  interest  and  for  which  no  test  data  existed. 

To  achieve  this  value  four  steps  were  taken 

1)  The  value  of  the  effective  area  of  the  two 
existing  slot  nozzles  wss  estimated. 

2)  Using  the  estimated  slot  nozzle  effective  areas 
the  required  hypermixing  nozzle  effective  area 
was  computed  from  the  following  equation. 

A0  =  Ainlet  ~  A°inlet  ~  15  (A°inlet  +  A°diffuser^ 
HYP 
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3)  The  hypermixing  nozzle  discharge  coefficient 
was  estimated  and  the  required  geometric  area 
computed. 

4)  A  method  of  assembling  the  hypermixing  nozzles 
which  would  produce  the  desired  geometric  area 
was  devised. 

Starting  with  step  1)  the  existing  diffuser  slot  nozzle 
effective  area  was  estimated.  This  nozzle  had  not  been  changed 
since  the  1972  Bell  IR&D  wind  tunnel  test  program  so  it  was 
decided  we  would  use  the  effective  area  as  determined  in  that 
program.  A  typical  value  of  3.10  in2  was  selected  based  on  the 
performance  of  this  nozzle,  during  run  66-2  (1972)  in  particular. 
This  run  was  chosen  because  the  ejector  performed  well,  the  pressure 
ratio  was  high  (PR  =  1.73  in  flap  plenum)  and  the  value  of  A0p  was 
near  the  mean  value  observed  during  this  test  series.  The  geometric 
area  of  this  nozzle  was  computed  as  follows,  based  on  the  dimensions 
shown  on  the  model  drawings. 

A „  =  (0.05H76.5)  =  3.825  Inches 

Z  ^Ejector  Span 
Slot  Width 

The  observed  discharge  coefficient  was  computed  to  be, 

°D  =  =  0,810 

which  seemed  to  be  a  reasonable  value. 


The  effective  area  of  the  inlet  slot  could  not  be  determined 


from  the  1972  TR&D  tests  because  a  leak  from  this  nozzle  had  invalid 
cted  the  measured  air  flowrate  data.  In  this  case  the  geometric 
area  was  computed  first. 


Ac  +  0.020  (76.5  -  (51) ( .3125))  =  1.21  in^ 

f  f  /  '^Spacer  Diameter  (5/16"  washer' 
/  /  ^-No,  of  spacers 

/  *-Nozzle  Span 
*- Spacer  Thickness 
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A  value  of  of  0.90  W8S  assumed  based  on  past  experience 
with  slot  nozzles.. 

The  effective  area  was  then  computed. 

Aoiniet  =  (0.90)(1.21)  =  1.09  in2 

Moving  on  to  step  2)  the  inlet  area  was  computed  based 
again  on  dimensions  taken  from  the  model  drawing  in  accordance 
with  the  definition  of  inlet  area  given  previously. 

Ainlet  =  (5-15)(76.5)  -  393-98  in2 

The  required  hypermixing  nozzle  effective  area  was  then 
computed.  However,  when  the  computation  was  made  an  effective 
area  of  1.17  (not  1.09)  was  used  for  the  inlet  slot  nozzle.  This 
was  because  spacing  washers  having  a  7/16"  diameter  (instead  of 
5/16"  and  .024"  thick  instead  of  .020"  thick)  were  called  out  on  the 
drawings  in  existence  at  the  time  this  calculation  was  made. 

a  _  393.98  -  1.17  -  15  (1.17  +  3.10) 

a°HYP - ~TF  - 

=  20.54  in2 

Proceeding  to  step  3)  the  hypermixing  nozzle  discharge 
coefficient  was  estimated.  This  was  based  on  the  past  performance 
of  the  ARL  hypermixing  nozzle  as  it  was  known  in  March  1972.  First: 
the  geometric  area  was  computed  using  the  dimensions  obtained  from 
Bell  Drawing  2445-976020.  This  value  was  computed  as, 

Ag  =  0.579  in2/nozzle  . 

The  computations  used  in  determining  this  area  are  presented  in 
Table  X. 


131 


SMi9-  cos*©. 


«©  S  v> 

o  o  o  o  .o  sf 
°  o  o  6  6  d 


■4-  OO  .flO  oOflO'4" 

<D  V*  4  VI  y(  eo 

N  h-  h-  (<,  fv.  J\ 


132 


HYPERMIXING  NOZZLE  GEOMETRTH  AREA 


The  effective  area  of  these  nozzles  was  stated  by  .  ARL 
to  be  0.486  in2  in  July  1971  and  0.477  in  March  1972  during 
discussions  with  G.  Salter.  Based  on  these  discussions,  a  value 
of  0.48  in2  was  assumed.  The  resulting  Cpj 

P  —  —  o  R°R 

was  also  assumed  to  apply  to  the  large  exit  FDL  nozzles.  The 
required  geometric  area  was  then  determined  to  bej 


AGhyp  =  20. 54/. 828  =  24.81  in2 

AGHyp  =  24.81/30  =  0.827  in2/nozzle 

Completing  the 'set  of  pre-test  predictions,  a  value  of  Cq  of 
1.00  was  assumed  for  the  hypermixing  nozzles,  that  is  no  separation 
was  assumed  at  any  of  the  spacers  or  turning  radii  into  the  hyper¬ 
mixing  nozzle.  The  final  estimate  of  inlet  area  ratio  was. 


Ai/A0 


_  393.98  -  1.09  -  20.54  _  372.35 

=  54~+"T.0'9  +5710 - SC73 


15.06 


and  was  considered  close  enough  to  the  desired  value  of  15. 

Step  4)  involved  scaling  up  existing  drawings  for  the 
ARI,  nozzles  and  then  building  a  suitable  fixture  co  hold  the  exit 
at  the  proper  dimensions  as  it  was  being  assembled.  It  was  subse¬ 
quently  determined  that  both  of  these  procedures  were  done  incorrectly 
but  this  will  be  discussed  later. 


6.  Typical  Test  D:<ta  Set 

The  values  of  effective  area  did  not  vary  widely  from 
test  to  test  except  in  the  case  of  clearly  identified  equipment 
failures.  The  values  did  vary  slightly  however,  so  for  the  sake  of 
this  example  all  data  in  this  set  will  be  taken  from  a  specific  run. 
The  run  selected  was  3-3.  The  primary  nozzle  pressure  ratios  were 
as  follows. 


133 


PR  =  1.869  Hypermixing 
=  1.851  Inlet  slot 
=  1.834  Diffuser  slot 

The  computed  values  of  A0  based  on  the  measured  test  data 
for  air  flowrate,  total  pressure  and  total  temperature  are  shown 
in  Table  XI. 

The  values  of  geometric*  area  were  assumed  to  be  the  same 
as  those  determined  in  the  pre-test  estimates.  They  are  shown  in 
parenthesis  because  they  were  not  actually  determined  during  the 
course  of  the  tests. 

The  values  of  the  apparent  discharge  coefficients  are  also 
shown  in  parenthesis  in  Table  I.  These  were  determined  by  dividing 
the  effective  areas  of  the  nozzles  as  determined  by  testing,  by 
the  geometric  values  determined  before  the  tests. 

C.  Post  Test  Assessment 

The  test  results  deviated  significantly  from  the  pre-tept 
predictions  requiring  a  post  test  evaluation  to  assess  the  reasons 
for  the  deviations  and  to  estimate  the  most  probable  values  of  the 
nozzle  areas  and  discharge  coefficients. 

The  most  obviously  unusual  result  seen  in  the  data  set  for 
test  3-3  was  the  top  slot  discharge  coefficient  of  1.22.  This  value 
was  always  greater  than  one,  being  on, the  average  about  1.16  (1.40/ 
1.21  =  1.16).  This  problem  is  discussed  in  Section  V  and  is 
attributed  to  leakage.  No  evidence  exists  that  Aq  was  other  than 
its  design  value  of  1.21.  The  probable  value  of  Cp  of  O.85  has 
been  selected  based  on  Figure  8  of  Reference  5.  The  slot  flow 
Reynolds  Number  ranged  between  1.28  and  1.51  x  10^,  and  the  L/D  = 

50  curve. was  selected  as  the  most  representative  of  the  inlet  slot. 
The  product  of  the  design  geometric  area  (1.21)  find  the  assumed  Cp 
(.85)  yields  the  estimated  effective  area,  A0  (1.03;. 
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TABLE  XI 

NOZZLE  EFFECTIVE  AREA 
1'35 


An  evaluation  of  the  diffuser  slot  data  as  well  as  on-site 
inspection  during  the  test  program  indicated  that  there  was  on 

occasion  a  leak  from  the  flap  plenum  through  the  sealed  flap  upper 
surface  blowing  slot.  The  average  value  of  the  diffuser  slot 
effective  area,  immediately  after  the  flap  slot  was  resealed,  was 
3.06.  Post  test  inspection  revealed,  however,  that  the  diffuser 
slot  gap  was  not  0.05  inches  as  had  been  thought  but  varied  along 
its  length  between  the  values  of  0.051  and  0.064  being  most  generally 
0.057  inches.  The  true  geometric  area  of  this  nozzle  was  re-estimated 
as  4.36  inches2  (0.057  x  76.5).  The  resulting  discharge  coefficient 
of  0.70  is  considerably  less  than  the  value  of  0.86  which  would  be 
predicted  on  the  basis  of  the  data  in  reference  5*  This  low  value 
of  discharge  coefficient  is  thought  to  be  the  result  of  the  pressure 
losses  at  the  nozzle  inlet.  This  is  also  discussed  briefly  in 
Section  IV. 

The  most  important  and  unfortunately  the  most  difficult 
data  to  interpret  concerns  the  hypermixing  nozzles.  The  main  reason 
the  resulting  ejector  inlet  area  ratio  (Ai/A0)  was  closer  to  19  than 
the  nredicted  value  of  15  stemmed  from  the  fact  that  the  hypermixing 
nozzle  effective  area  was  on  the  average  only  74.5#  (15-30/20.54  or 
.510/. 685)  of  the  design  value. 

The  reason  for  the  low  effective  area  of  these  nozzles  is 
primarily  a  consequence  of  the  geometric  area  being  made  too  small. 
This  was  due  in  large  part  to  a  drawing  and  manufj cturing  error  and 
is  suspected  by  Bell  of  being  due  in  part  to  an  erroneous  data  base 
upon  which  the  estimate  of  the  hypermixing  nozzle  discharge  coeffic¬ 
ient  was  based.  Three  values  are  in  question,  related  as  shown  below. 

CD  =  Ao^AG 

There  is  general  agreement  between  wind  tunnel  tests  and 
ARL  calibration  concerning  the  value  of  A0.  The  values  determined 
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for  Aq  by  Bell  and  PDL  differ  significantly  however,  leading  to 
widely  differing  values  of  C^. 

Bell  FPL 

Ag  .660  .557  in2  (X30  =  values  in  table  B-2) 

CD  .772  .918 

The  Bell  value  of  geometric  area  was  computed  based  on  a 
measurement  of  the  nozzle  assembly  tool  and  the  method  of 
construction.  The  FPL  value  is  based  on  direct  measurement  but  the 
procedure  is  unknown.  Pirect  measurement  would  normally  provide 
the  more  credible  value,  but  the  measurement  is  difficult  and  the 
resulting  Bell  value  for  Cp  seems  more  in  line  with  the  other 
experimental  results.  The  FPL  findings  concerning  the  flow 
separation  at  the  alteration  dividers  would  seem  to  indicate  that 
the  value  of  UD  would  be  less  than  0.918. 

The  determination  of  the  proper  CD  value  far  these  nozzles 
has  also  been  complicated  by  the  calibration  of  the  ARL  nozzles 
and  the  test  nozzles  of  reference  5.  When  this  data  is  added  the 
range  of  possiblf  values  for  the  hypermixing  nozzles  ranges 
between  the  limits  of: 


.65  Cd  !  .92 

The  only  means  of  resolving  this  dilemma  appears  to  be 
the  development  of  an  accurate  way  of  determining  nozzle  geometric 
area,  then  applying  this  method  to  a  sample  of  both  the  FPL  and  BELL 
nozzLes  used  in  the  1973  CTA-2P  wind  tunnel  model,  and  then  using 
the  areas  so  determined  to  recompute  the  CQ  values. 

Finally,  two  values  of  inlet  secondary  flow  area  (A^) 
are  shown.  One  represents  the  case  where  the  aft  inlet  is  in  its 
design  position.  The  smaller  value  represents  the  final  configuration 
after  the  aft  inlet  rotated  until  it  touched  the  hypermixing  nozzle 
tips. 
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